Using the fitted parameters we can generate synthetic scenes showcasing surfaces exposed to water (right image).
Motivation
A familiar effect in everyday life is that objects change their appearance when immersed in water or other substances with refractive indices different from air. This refractive index dependence of bidirectional reflectance distribution functions (BRDFs) has so far been mostly ignored. Implicitly it is assumed to be governed by the Fresnel equations via the refractive index dependence of the Fresnel reflection and transmission factors. We analyze the dependence of current physics-based BRDF models on the refractive index of the immersing medium. In particular, we show that the Fresnel term is the governing factor in those models.
Our approach
Capturing setup Our setup is shown in Fig. 1 (left image). Each material sample is immersed in a medium with a refractive index different from air. The cylinder contains the medium and the sample. A laser, mounted on a rotation stage, illuminates the sample from defined angles. Note, that the laser hits the glass cylinder wall orthogonally for all acquisition angles. This eliminates refraction upon entry into the medium, which would occur otherwise. The reflected light hits a screen which is attached directly to the cylinder wall and is then imaged by a CCD camera. The system is calibrated using fiducidal markers. The potentially spatially varying transmission properties of the screen are calibrated using a Spectralon patch. * e-mail: berger@cg.cs.tu-bs. s). The images are combined to form a HDR-image. The cylinder geometry is approximated using RANSAC and the HDR-images are backprojected onto the surface of the cylinder. The resulting cylinder surface textures are downsampled to 249 × 180px and used as input for the BRDFFitting.
BRDF Fitting
We model the Fresnel-governed behavior of the surface patches with the following refractive index-dependent BRDF model, which is similar to the Cook-Torrance model:
fr(ωi; ωo; ni; nt) = ρ d +ρs ·Fr(ni; nt)· D(ωi; ωo) · G(ωi; ωo) (4 · ωi · ωo) ,
(1) where D(ωi; ωo) is the microfacet distribution and G(ωi; ωo) is a geometric term (for ωi the incident angle and ωo the exitant angle). Fr(ni; nt) denotes the Fresnel term with refractive indices for the surrounding medium and the material itself. We fit for the parameters ρ d , ρs, ni (index of the surrounding medium), nt (index of the immersed material), Fig. 1 (middle left) . The Fitting is based on the Levenberg-Marquardt nonlinear optimization [Madsen et al. 2004] .
